Introduction
carcinogens or promoters.
HPV is a possible cause of esophageal cancer and HPV infection in the esophagus may activate specific antiapoptotic, proliferative, and malignant cellular responses that also may be intensified in combination with the effects of other risk factors (Zandberg et al., 2013) . HPVs are small, nonenveloped double-stranded DNA viruses. So far, more than 100 types of HPV have been characterized and over 40 of them have been found to infect mucosal surfaces (zur Hausen, 2000; de Villiers et al., 2004) . Based on their oncogenicity, HPV are classified into high-risk and low-risk types. High-risk HPV 16 infection has been shown to be more prevalent than any other high-risk HPV type in most regions of the world (Trottier et al., 2006) .
Since Syrjanen first reported the association between HPV and malignant esophageal tumors in 1982 (Syrjanen, 1982) , many studies have investigated the HPV prevalence of esophageal cancer. However, no firm evidence of HPV infection in esophageal cancer has been established to date and the International Agency for Cancer Research (IARC) has concluded that there is inadequate evidence in humans for HPV carcinogenicity in association with esophageal cancer. But the published studies made it 10144 possible to assess the relation between the esophageal cancer and HPV genotypes by means of meta-analysis. Besides, the successful implication of HPV vaccine on cervical cancer has induced greater interest in preventable high risk HPV-related cancers, including esophageal cancer. Investigating the high risk HPV prevalence may give some clues of immune efficacy of HPV vaccine on esophageal cancer. Therefore, to address these issues, our present study aimed to investigate the prevalence of HPV 16 infection in esophageal cancer in China through collecting published information on HPV16 prevalence in esophageal cancer tissues that described defined materials and methods, providing useful information on this unclear issue in Chinese population.
Materials and Methods

Literature search
Systematic literature search was conducted using MEDLINE (via PubMed), Excerpta Medica database (EMBASE) for English language, and using Chinese National Knowledge Infrastructure and Wanfang Data Knowledge Service Platform for Chinese language. Date of the literature was specified between 1 Jan 2005 and 15 July 2014. The search strategy was verified by a medical reference librarian and research articles were selected using the following keywords: human papillomavirus, papillomavirus infections, (o)esophageal neoplasms, (o) esophageal cancer, (o)esophageal carcinoma. In addition, cross-referencing from the articles found was used to complete the search.
Eligible criteria
Two authors independently evaluated all the studies and the discrepancies between the two reviewers were solved by discussion. The criteria for inclusion in this meta-analysis were as follows: (1) studies detected HPV DNA in the tissues of esophageal cancer; (2) explicitly provided the information on HPV DNA detection method. HPV DNA must be tested either by polymerase chain reaction (PCR)-based methods, including broad-spectrum PCR primers, type-specific PCR primers, or a combination of both kinds of primers; (3) necessary data could be directly extracted or calculated from the original article; (4) peer-reviewed publications with HPV prevalence data from a minimum of 30 cases of esophageal cancer; (5) studies conducted in the Chinese population. If the study was reported in duplication, the one published earlier or provided more detailed information was included. Review articles and editorials were included if they contained original data. Abstracts were excluded.
Data extraction
Two of the investigators performed the data extraction from each article using a standardized data extraction form, and discrepancies were resolved by consensus. If there is a question unable to determine, the study authors were contacted to obtain specific needed information. For studies meeting our inclusion criteria, the following data were extracted: General information, including name of first author, year of publication, geographical areas of the study origin; numbers of cases and HPV positive cases; HPV detection method; Types of specimen (paraffinembedded fixed biopsies (PE), fresh or frozen biopsies (FF)).
Statistical analyses
In this study, meta-analyses were performed using STATA version 12 for Windows (StataCorp LP, College Station, TX, USA). We calculated the variance of each prevalence estimate as pq/n, where p is the prevalence, q is 1-p, and n is the number of esophageal cancer cases (Barendregt et al., 2013) . Overall pooled point estimate and 95% confidence interval for HPV 16 prevalence were calculated through the method of DerSimonian and Laird using the assumptions of a random-effects model (DerSimonian et al., 1986) , which incorporates betweenstudy variability. For studies with multiple HPV types infection (including HPV 16), the multiple HPV types were separated into different types and the HPV 16 typespecific prevalence represents types for cases with either single HPV 16 infection and multiple HPV 16 infection. With respect to studies reporting HPV prevalence equal to zero, we used an empirical continuity correction method described by Sweeting to smooth the zero values (Sweeting et al., 2004) . Specifically, we estimated the pooled prevalence for studies with non-zero prevalence estimates. Then the estimate divided by 100 was used as the number of HPV-positive esophageal cancer cases, and 1 minus the value added to the HPV-positive esophageal cancer cases was defined as the number of HPV-negative esophageal cancer cases.
We used I 2 ( values of 25%, 50% and 75% corresponding to low, moderate and high degrees of heterogeneity, respectively)and Cochrane Q test (p<0.10 indicated a high level of statistical heterogeneity) to assess the heterogeneity between eligible studies (Higgins et al., 2002) . Stratified pooled analyses were subsequently carried out according to the geographical areas of the study origin, publication years, HPV detection method and types of specimen. In the eligible studies, two studies contained different types of specimen and two studies contained different geographical areas of the study origin. For these studies, we treated them as the separate studies and pooled them into appropriated groups when performing stratified analysis. Sensitivity analysis was also conducted to assess the influence of each individual study on the strength and stability of the meta-analytic results. Each time, one study in the meta-analysis was excluded to show that study's impact on the combined effect size. Funnel plots and statistical tests of Begg adjusted rank correlation test and Egger regression asymmetry test were performed to test evidence of publication bias (Begg et al., 1994; Egger et al. 1997) . In this study, a two-tailed p<0.05 was considered statistically significant.
Results
As shown in Figure 1 , the search strategy generated 417 citations using different combination of key words, of which 156 were considered of potential value and the full text was retrieved for detailed evaluation. One hundred DOI:http://dx.doi.org/10.7314/APJCP.2014.15.23.10143 Prevalence of HPV16 in Esophageal Cancer among Chinese: a Systematic Review and Meta-analysis and twenty-two of the 156 articles were subsequently excluded from the meta-analysis. The majority of the reasons for exclusion were: Studies not conducted in Chinese population, studies not report HPV 16 prevalence or studies not tested by PCR-based assay. Duplication studies and reviews without detailed information were also excluded. Furthermore, eight studies were excluded because of the limited number. In total, we included 26 eligible studies in the meta-analysis (Cao et al., 2005; Yang et al., 2005; Dai et al., 2007; He et al., 2007; Shuyama et al., 2007; Zhou et al., 2007; Chen et al., 2008; Li et al., 2008; Liu et al., 2008; Lu et al., 2008; Zhao et al., 2009; Liu et al., 2010; Koshiol et al., 2010; Wang et al., 2010; Ayshamgul et al., 2011; Han et al., 2011; Zhang et al., 2011; Guo et al., 2012; Hu et al., 2012; Qu et al., 2012; Liu et al., 2013; Zhang et al., 2013; Cui et al., 2014; Liu et al., 2014) .
Individual characteristics of the included 26 studies are summarised in Table 1 . The included studies were conducted during 2005-2014 and the sample size of them was ranged from 31 to 347. In total, 3429 esophageal cancer cases were evaluated in all of the 26 included studies. Of these 26 studies, 13 were conducted in Henan province which is a high risk area of esophageal cancer in China, with the remaining studies conducting in other eight provinces of China as follows: Xinjiang, Shandong, Hebei, Shaanxi, Gansu, Chongqing, Guangdong and Inner Mongolia. The type of esophageal specimens used to test HPV DNA status were either PE or FF tissue, and HPV detection region of these studies were L1 or HPV E6/E7.
In this study, the HPV 16 prevalence ranged from 0% to 69.2%. The pooled prevalence estimates for studies with non-zero prevalence (25 studies) were 0.397. The value of the prevalence estimate was used to smooth values for studies with zero HPV-positive cases.
There was high heterogeneity observed between the included studies (Q test P heterogeneity <0.001, I 2 =98.9%). Based on a random-effects model, the summary estimate for HPV 16 prevalence was 0.381 (95% CI: 0.283, 0.479). However, there was indication of publication bias in the meta-analysis (Begg test p=0.002, Egger p<0.001) .
Results stratified by different variables for HPV 16 prevalence according to geographical areas of the study origin, publication years, types of specimen and HPV detection method were presented in Table 2 To address the potential bias due to the quality of the included studies, we performed the sensitivity analysis by calculating pooled HPV 16 prevalence again when omitting one study at a time. Figure 2 showed the results of sensitivity analysis. The HPV 16 prevalence ranged from 0.368 (95% CI: 0.276, 0.460) to 0.397 (95% CI: 0.286, 0.508). Results didn't show significant difference when any study was omitted, which indicated that each single study didn't influence the stability of overall HPV 16 prevalence estimate.
Discussion
To our knowledge, this is the first meta-analysis to explore the HPV 16 prevalence in esophageal cancer tissues in China, pooling data on 3429 esophageal cancer cases from 26 studies. In this analysis, factors which could influence the prevalence of HPV 16 were also investigated, including geographic location, publication date, HPV detection method and types of specimen. Interestingly, results of this meta-analysis showed that more than 35% of esophageal cancer cases infected with HPV 16, indicating a high level of HPV 16 infection in esophageal cancer cases of China. Our results were consistent with studies conducted in other Asian countries, which also found that HPV infection rates in esophageal cancer were relatively high (Yahyapour et al., 2012; Mohiuddin et al., 2013) . Findings in these studies increase the evidence that HPV is involved in esophageal carcinogenesis.
HPV 16 was the predominant type in many of HPVrelated cancers, such as cervical cancer, anal cancer, oral cancer and head and neck cancer (Zandberg et al., 2013) . With respect to esophageal cancer, studies also reported that HPV 16 was the main HPV type (Yong et al., 2013; Li et al., 2014; Petrick et al., 2014) , although there is a controversy on this issue. Meta-analysis conducted by Petrick et al showed that HPV 16 prevalence ranged from 17.3% to 35.9% in esophageal cancer using different detecting method (Petrick et al., 2014) . Yong et al also reported that the prevalence of HPV 16 in esophageal cancer was 11.7% (Yong et al., 2013) . Results in this study were consistent with these recent meta-analysis and even with a higher prevalence level in our study because the included cases were testing by PCR method which can improve the HPV 16 positive rate in the case tissues. Furthermore, as Li reported (Li et al., 2014) , HPV infection might be disappeared during the development of cancer and this clearance of HPV infection may lead to underestimation of the HPV 16 infection. In other words, the high prevalence of HPV 16 may suggested a relative high overall HPV prevalence in esophageal cancer cases. This indicated that HPV vaccine might benefit more populations except cervical cancer for women.
Although Kreimer et al found that the geographic differences in oral HPV prevalence are obvious , Ferlay et al reported that HPV could not be expected to fully account for the geographical variation seen in esophageal cancer incidence (Ferlay et al., 2013) . Consistent with Ferlay's report, our sub-group analysis by regions of different incidence of esophageal cancer incidence were not in accordance with HPV 16 prevalence. For example, provinces of Henan, Shandong and Hebei were high-risk areas of esophageal cancer, however, DOI:http://dx.doi.org/10.7314/APJCP.2014.15.23.10143 Prevalence of HPV16 in Esophageal Cancer among Chinese: a Systematic Review and Meta-analysis the HPV 16 prevalence were lower than provinces of Chongqing and Guangdong, which had lower incidence of esophageal cancer. The pooled result of this meta-analysis presented a relative high level of HPV prevalence, but the result varied across the publication years of the studies. The stratified analyses according to publication year showed that the HPV 16 prevalence was higher in studies published before 2010 than that in studies published in or after 2010. Since all studies were conducted based on PCR assay, there is no evidence that this variation is caused by HPV detection method.
In this study, the majority of included studies applied paraffin-embedded tissue for HPV DNA detection. As we know, significant DNA degradation might occur with paraffin-embedded tissue (Srinivasan et al., 2009) . Therefore, we are not surprised to find that the HPV 16 prevalence in PE tissue was lower than that in FF tissue. In the analysis stratified by HPV DNA source (L1 or E6/E7), we found that HPV 16 prevalence was lower in studies using L1 region of HPV DNA for detection than in studies using E6/E7 region. This is mainly because of the disruption of L1 region when the integration of HPV into the host genome (Hebner et al., 2006) , which may be a important event that promotes and initiates esophageal carcinogenesis.
There are some limitations of this meta-analysis that should be addressed. First, the included studies were heterogeneous in this meta-analysis. We investigated the heterogeneity of the HPV 16 prevalence in esophageal cancer cases by geographic location, publication date, DNA source and types of specimen directly. It is obvious that many factors might contribute to the heterogeneity of studies. Therefore, the heterogeneity may not be fully explained in such cases and the HPV 16 prevalence estimates were still heterogeneous in some of stratified results. This is to be expected, as a full explanation of heterogeneity demanded information of all factors of HPV 16 prevalence in esophageal cancer cases and a sufficient number of studies to explore possible combinations of all such variables. In any event, we investigated several variables that consisted of substantial proportions of the heterogeneity in this study. Second, we couldn't excluded the confounders which may affect the HPV 16 prevalence in esophageal cancer cases because little of the included studies provided information on confounders such as age, gender, smoking, assumption of alcohol, consumption of hot or pickled food which were also risk factors of esophageal cancer. Further studies should focus on this issue and provide more exact information on type-specific HPV prevalence in esophageal cancer. Third, publication bias exist in this meta-analysis. This is mainly because studies with negative HPV 16 results tend not to be published. As we know, publication bias may lead to false result of the meta-analysis and overestimation of the HPV 16 prevalence. However, given the large cases available for analysis, it is unlikely that missing studies could have large affection on the main conclusions of this study. In addition, our meta-analysis included both English language and Chinese language studies which conducted in Chinese population, language bias could be ruled out. Fourth, we didn't investigate the overall HPV prevalence of esophageal cancer in Chinese population. However, understanding the overall HPV prevalence is essential for esophageal cancer prevention. It has been estimated that HPV is responsible for approximately 5.1% of the global cancer burden and contributes 20%-50% of non-anogenital cancers (Parkin, 2006; Ferlay et al., 2010) . China has a high burden of esophageal cancer and clarifying the role of HPV in esophageal cancer is imperious. Thus, besides HPV 16 prevalence, we will conduct further research to acquire more information on HPV and esophageal cancer in Chinese population.
In addition, we cannot exclude the contamination of samples in this study which can directly affect the detection of HPV 16. Roden et al reported that dehydrated HPV could maintain 100% infectivity for one day (Roden et al., 1997) . Ferenczy et al and Strauss et al found that HPV DNA existed on fomites and various medical surfaces (Ferenczy et al., 1989; Strauss et al., 2002) , which should be responsible for contaminating samples (Roden et al., 1997) . Despite our effort to control affection of contamination, this was difficult for us as many studies do not report on these issues. Future studies about HPV and esophageal should try their best to avoid contamination and record the quality control measures, which will help us to understand the real role of HPV in esophageal cancer.
In conclusion, our results indicate a relatively high level of HPV 16 prevalence in esophageal cancer among Chinese population, although there is a variation between different variables, such as geographical areas of the study origin, publication years, HPV detection method and types of specimen. Although this study cannot give information on etiology of HPV and esophageal cancer, it is an important step to fully assess the relationship between HPV and esophageal cancer in Chinese population, and it could also give some clues of the effect of HPV vaccine on esophageal cancer. Further studies are needed to elucidate the role of HPV in esophagus carcinogenesis with careful consideration of study design and laboratory detection method, providing more accurate assessment of HPV status in esophageal cancer.
